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ABSTRACT

In the Navy's search to find a more cost-effective maintenance tool, the Naval Research Laboratory at Stennis Space Center,
Mississippi developed an Expert Maintenance Advisor for the AN/USH-32(V) Signal Data Recorder-Reproducer Set. This
analog tape recorder system is a high performance acoustic data recorder/reproducer set used in data acquisition and data
processing. Its maintenance is complicated by multiple adjustments, their relationships, and lengthy calibration and checkout
procedures. The Expert Maintenance Advisor is a reference aid which has expert knowledge and the complete technical
manual (text and graphics) embedded in a PC-based computer that is portable and user friendly. This paper discusses its
development, knowledge engineering process and maintenance diagnosis capability.

Introduction

The Navy has numerous shipboard systems which require corrective/preventive maintenance. Sailors and in-service
engineering agents (ISEA) from Navy field activities perform these maintenance tasks using paper technical manuals and the
associated test equipment while in port or at sea. Four problems associated with performing these maintenance tasks are:

1) Personnel Availability
2) Labor Intensive Test and Checkout Procedures
3) Absence of System Test Tapes
4) Costs

For

0

,ty Codel
Figure 1. Recorder-Reproducer, Expert Maintenance Advisor and Conventional Maintenance Manuals. - .L/'O

j~df .



The EMA was developed to best meet Navy needs and support fleet readiness requirements. It is a PC-based reference
aid which uses embedded subject matter expert knowledge to assist sailors with maintenance related tasks and provides
heuristics which increase rather than remove or replace theirability to maintain Navy systems in a fully operational status.
This Expert Systems technology application not only reduces maintenance costs but increases maintenance personnel skill
level and system diagnosis turnaround time. The EMA is an intelligent reference aid not an electronic technical manual or
automated page turner.

The first Expert Systems technology application (Figure 1) was the AN/USH-32(V) Signal Data Recorder-Reproducer
(SRRS). It is menu driven (Figure 2) and provides facilities for rule-based language input, debugging, editing and testing.
The Expert Maintenance Advisor is most valuable to maintenance personnel during maintenance turn-on procedures,
troubleshooting and system diagnostics. It uses embedded subject matter expertise to guide them through a logical sequence
of maintenance actions by incorporating "tricks of the trade" and "rules of thumb" in a reference section. Indexing, hypertext
and direct table access are features visible on all screen displays for instantaneous access to technical manual references and
graphics. These features alone make the EMA a complete reference aid for rapid maintenance actions.
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Figure 2. System Configuration

The system is hosted on a laptop computer running in a 4.01 or higher DOS environment. It requires a 120 MB hard drive
and 4 MB of RAM which includes 3 MB extended RAM for storage and quick retrieval of textual data and graphics.
Hypertext and highlighting features are included for all technical manual references during system diagnosis (AN/USH-32(V)
Expert Maintenance Advisor User's Guide, 1992).

Expert Systems Development Approach

Sýrule-based language is used to develop and debug the EMA' s knowledge. A maintainable rule-based language definesthe/encoded domain knowledge, which in turn is processed by an inference engine. (Alphonso, 1989) The expert system
shellsytem isn a csteonv nal programming language, C, which manipulates the knowledge with rules, facts, goals and a
backward chaining inference mechanism. The heart of the system is embedded in a set of library routines. These routines

are designed such that there is a close integration between the rule-based language and the source code, yet the two can be



developed independent of each other. A programmer can design the source code so that it uses the ri1e language to its fullest
extent without knowing what rules are being used.

Library routines are callable from a conventional programming language to design, encode, debug and maintain knowledge.
They manipulate the knowledge with an expert system shell independent of the conventional programming language. The
static nature of the conventional programminglanguage and the dynamics of the knowledge base make development and
implementation independently unique for the knowledge base and source code development process.

Knowledge Engineering

Simply acquiring expert knowledge isn't enough, the approach to knowledge engineering is the true success to knowledge
base development. The EMA does use existing knowledge, the technical manual, to make the knowledge engineering
productive. The maintenance procedure flow diagram was used as the foundation to build the knowledge base. It includes
every fact in its original format from the technical manual. The knowledge acquisition sessions provided a mechanism to
format the knowledge presentation, refine knowledge information, design and implement source code and test and validate
the EMA performance. (Kearney, 1990)

The knowledge acquisition sessions were conducted with ISEA representatives at the Naval Undersea Warfare Center
(NUWC) in Norfolk, Virginia using troubleshooting and corrective maintenance sections from the technical manuals as the
knowledge presentation format. Knowledge is represented as a set of complex data structures which consists of pointers to
a linked list of objects. The technical manual is the primary knowledge base development source. It includes tle objects,
their pointers and attributes in the form of rules, facts and goals which determine the optimal resolution to an EMA system
diagnosis. The maintenance turn- on, corrective maintenance and troubleshooting procedures are enhanced by the avail-
ability of knowledge engineering acquisition input from subject matter experts. The knowledge engineering input is
embedded in a helpful hints section to insure that the technical manual retains its originality. This knowledge engineering
approach makes subject matter expertise readily available and easy to update.

Initial operational suitability tests were conducted at the NUWC and the Fleet AntiSubmarine Warfare Training Center
Pacific (FLEASWTRACENPAC) to validate EMA Version 1 for fleet readiness. A, ipplemental fault isolation procedure
to reduce in-fleet maintenance/alignment deficiencies is proposed for EMA Version z. This proposed enhancement can be
achieved with the development of a pre-recorded test tape. The pre-recorded test tape serves as an alignment tool for
DIRECT/FM reproduce electronics ani the capstan servo system. Test and alignment requirements can also be provided
for the record electronics. Troubleshooting diagrams that perform true fault isolation and waveforms of actual properly
adjusted signals at test points can be a part of the test/checkout procedure.

System Diagnosis Capability

The EMA's system diagnosis capabilities include:

1) Start To Finish Diagnosis
2) Specific Component Diagnosis
3) Save and Load Session Diagnosis

It can assist maintenance personnel with system maintenance from start to finish with or without previous knowledge of
problem. In this diagnosis mode, the EMA relies on the sailor to observe and report the status of lamps, circuit breakers and
motor movements to isolate the system fault. If the sailor suspects a problem in a specific component, the interactive
troubleshooting and fault localization process can begin at that point in the logic diagram flow. Figure 3 shows an excerpt
from the logic flow diagram and its source code rules. Interruptions or detail to other mission critical tasks may require that
the sailor terminate an EMA session. If this happens, this session can be saved at that point and reloaded at the same point
later. The addition of a Helpful Hints section gives sailors the benefit of having an expert by their side at all times in any
systm diagnosis mode. Appendix A is an example of a demonstration scenario using the EMA.
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and problemla ii solved. IDCT TRUBLESOOT C PWELAP ISTR IBUTION Cl RC•Jrl

rul LLMINTEDREF PAPA &- .3rule F.s•
if problemlal is not solved
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if problemlal is not solved
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and cooling blower is operating I VOLTAGE READINS ARETOO
and circuitEbreaker A2ASCB2 is trip I InETUAN REAIN OVER

then say I 2V IS TOO HIGH,
"Troubleshoot +28 volt DC Logic &
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rule FIG._ __

if problemlal is not solved NO

and main power lamp is illuminated
and cooling blower is operating I THSFAULTLOGIC DIGAM
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and circuit-breaker-_A2ACBl is trip EKER S
then sayTrpA2ABC1I
" T roubleshoot +29 volt DC Logic & ?
Indicator Power Distribution Circuit." TROUBLESHQDT"+nVLOGIC AND

and check is "f 5-4" N INDICATOR POWERDISIBUTION
and problemla ii solved. CIRCUIREP PARA S-7.4.1

39 FIG.64

Figure 3. Troubleshooting Flow Chart and Rule Source Code

Summary

The Expert Maintenance Advisor makes a significant impact on the AN/USH-32's operational availability for data
acquisition and data processing. It is an intelligent shipboard maintenance capability that provides on-line expert knowledge
in a small portable package. Cost savings to the Navy in terms of time and service requests to Navy field activities and other
commercial vendors will be substantial.

The Expert Maintenance Advisor has received numerous accolades during its debut in the training community. Several
suggested improvement features from the training community were incorporated in Version I after visits with Naval personnel
at the FLEASWTRACENPAC in San Diego, California. It was also exhibited at the First World Congress On Expert
Systems held in Orlando, Florida, December, 1991. The Expert Maintenance Advisor saga continues while the Navy's new
maintenance capability sets the pace as the "wave of the future" ashore and afloat.
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APPENDIX A

AN/USH-32 Expert Maintenance Advisor Demonstration Scenario

This demonstration diagnoses a fault in the detection assembly and advises the sailor to replace the End-of-tape/ Beginning-
of-tape (EOT/BOT) A2A2A3. It sequences through functional observations, checks voltage levels and provides screen
text/graphics information to the sailor during maintenance. Text and graphic excerpts from the system demonstration are
listed with the interactive response shown in bold.

New Diagnosis - Main menu selection

Not Turns - Indicates the response to capstans motion

Illuminated - Indicates the response to main power lamp illumination

Operating - Indicates the response to cooling blower operation

None - Indicates the response to tripped circuit breakers

28 Volts - Indicates the response to the voltage meter reading

20 Volts - Indicates the response to the voltage meter reading

5 Volts - Indicates the response to the voltage meter reading

Not 15 Volts - Indicates the response to the voltage meter reading

Return - Message to troubleshoot the +15 volt Transport Power Distribution Circuit

Not Corrected - The alignment procedure does not correct the fault. If the sailor needs further details, they
are available on the screen in paragraph p0 6-2-2. P_6-2-2 references figure f_6-1 which is
also available on the screen. Thesescreen outputs are accessible using hypertext features.

15 Volts - Indicates the response to the voltage meter reading

"15 Volts - Indicates the response to the voltage meter reading

Not 15 Volts - Indicates the response to the voltage meter reading

15 Volts - Indicates the response to the voltage meter reading

Return - Advises the sailor to replace A2A2A3 detection assembly and provides a cross reference to
the part number, manufacturer's address and installation/removal procedures

Return - Advises the sailor to perform the complete maintenance turn-on procedure to verify the
SRRS's operational status

AX/USH832

Diagnosis System

* Ccspmtenee lel

............................... START-UP PcJR•ES ............................

Please ensu, that tape has beem re•oved from the SURS.
SWt/verity the main power circuit breaker AlhICSI to ON.
Setrvarity the ain power switch A3P20s1 to OrF.

On the control mount subasebly ?3A20. eat/verity the followinq:
(1H igqh sped selecat switch - 7.5
(2) LoA speed select switch - 1.07

--- -- -- (4) Circuit breaker Cal - LATCKR IN
(4) Circuit bretker C82 - LAW"=o IN
(1, so V. mod* eel "itcrh - TACK•
(4) SeZr Sol s•itc all&OI s1 -

-(P11 HYPertest - (otecpt"te 1(P51-melp (P101- Control
NO(o the ctpurn turn?
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715586 check the "ine po~~ lamp to determine it it is iluif " viesa" Set voltage check switch AIA20S14 to -5 volts. Now observe
the voltsge check meter to se" if it indicates 5 volts..

[71 perext(753-Help [ft02- ControL 17-Hypertext (F91-Help (7103- control

[luintd Ire the main power lamp illuminated?1 
- [ Is the voltage metear lv?J

MT! Illuminaetd 1
AM/USE-IS I AS/USE-Il

Diagnosis System Dliagnoeis System

(cooling-blower Ig voItmqesetetrc. Sv..port I

IS THE COOLING SLOWER OPSEIATING? Please, met voltage check switch AIAZOSId to +15 volts sport. Now,
obserer the voltage check moter to dse it It indicated 1s "olts.

[712]-Hypertext [732-Newt [11-Eelp 7101-I Control I P11-Hypertewt ["]1-Help tri01- control

ortig[*the cooling blower operating?] p -. -. - [I I the voltsge meter 25v?)

MMoperating s

icircuit-b.reaker..tripped I

Please observe the stetus of the following circuit breakers ~.S2
to dtr itei they are tripped or not. Diagnmdia Syet~a

circuit breaekr AlASC131 Vl! ~ * .

circuit breaker AIASCI 2
circuit breaker ALMCDI-'93'' '

irut breeker AlMSC84

If voltage readings are too high, turn of f main power iumedistely. Trou[[eshoot th
Any reading over 32 volta is considered to be too high. +'Tobeho h 15 volt Transport Power Distribuhtionl Circuit.

-ipll-Hypectest [7515ElIp [7101- Control
(Which circuit breaker ia tripped?)I

ASASC32
A2ASC8I

AN/USE-IS An/USE-3l
Diagnoeis syatem IF Diagnoelo System

[VOltaqQBeter...SV .- f_5-S faultI

Floee se2nt voltege check switch AMASOSIS to 28 volts. Now observe o Please, perform the alignment procedure described in peragraph p-6-2-2.
the toltq Check meter to aee it it indicates 2a volta.

1S THE FAULT CORRMCMll?

16Ii-yetu I the voltage meter 24v?] (]Hl r1-Cjt r1Ky tx [Is the fault corrected?l 2 -. pI11 oto

HOT 36W 0'corce
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Observe the voltage check meter to See If It indicates 20 volta. voltage reguletor circ.'L on regulator and servo power amplifier A2AX.
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a. Secure the Isolation mount safety latch. open the dust cover and
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the transport safety latch.
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LO0AD switch to the SEADY position.
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4. EOT/OT AssY A•A2AS S. CONNECTOR A2AAP?

Figure 6.48. Control Logc Assembly A2A2, Removal and Installation Procedures (Sheet I of 2)

Table 7-2. Signal Data Recorder-Reproducer Set AN/USH-32(V)I
AN/USH-32(V)2 Part No. 541000-0001 or 541000-0002

Figure
Reference Notes Name and Description Number
Designation (Item)
IAIA2A2A3 0 EOT/BOT Detection Assy

mfr 14028. part no. 541099 6-48(4)

Table 7-5. List of Manufacturers

Mfr Code Name and Address

14028 DATATAPE Incorporated
A Kodak Company
360 Sierra Madre Villa Avenue

Pasadena, CA 91109
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